Single Crystal Raman Study of Erythrite, Co3(AsO4)2.8H2O by Martens, Wayde et al.
 Single Crystal Raman Study of Erythrite Co3(AsO4)2.8H2O 
 
Wayde N. Martens*, J. Theo Kloprogge, Ray L. Frost and Llew Rintoul 
 
Inorganic Materials Program, School of Physical and Chemical Sciences Queensland 
University of Technology, GPO Box 2434, Queensland 4001, Australia 
 
* Corresponding author, phone +61 3864 2246, fax +61 3864 1804, e-mail 
w.martens@qut.edu.au 
 
Copyright 2004 Wiley 
 
Keywords: erythrite, annabergite, hörnesite, vivianite, arsenate 
 
Published as: 
W.N.Martens,  J.T. Kloprogge, R.L. Frost, and L. Rintoul, Single-crystal Raman 
study of erythrite, Co3(AsO4)2.8H2O. Journal of Raman Spectroscopy, 2004. 35(3): 
p. 208-216. 
 
Abstract 
 Single crystal Raman and infrared spectra of natural and synthetic erythrite 
Co3(AsO4)2.8H2O are reported, and compared to the spectra polycrystalline, synthetic 
annabergite (Ni3(AsO4)2.8H2O) and hörnesite (Mg3(AsO4)2.8H2O). Factor group 
analysis and single crystal considerations have been used to interpret the experimental 
data. The Raman spectra of erythrite reveal ν1 arsenate stretching vibration at 850  
cm-1 (Ag) with the corresponding infrared band at 821 cm-1 (Bu).  The ν3 
antisymmetric vibration is split into three components, observed at 796 (Ag), 788 (Ag) 
and 803 (Bg) cm-1. The ν2 symmetric bending modes are observed at 375 (Ag) and 385 
(Bg) cm-1. The ν4 bending modes are predicted to split into three bands which are 
observed at 441 (Ag), 446 (Bg)  and 457 (Ag) cm-1. Lattice vibrations are found at 112 
(Ag), 124 (Bg), 145(Ag), 157 (Bg), 165 (Ag), 179 (Ag), 189 (Ag), 191(Bg), 201 (Bg), 
210 (Ag), 227 (Ag), 250 (Ag), 264(Ag), 264 (Ag), 280 (Bg), 302 (Bg), 321 (Bg), and 338 
cm-1 (Ag). Hydroxyl stretching modes are observed at 3050, 3218, 3333, 3449 and 
3479 cm-1, in the infrared spectrum. Raman active hydroxyl bands are detected at 
3009 (Bg), 3052 (Ag), 3190 (Bg) 3203 (Bg), 3281 (Ag) and 3310 (Bg), 3436 (Bg) and 
3443 (Ag) cm-1. Infrared hydroxyl bands at 3050, and 3218 cm-1 are from water type 
II, short hydrogen bonding distances, and the bands at 3449 and 3479 cm-1 are due to 
water I, long hydrogen bonding distances. Water bending modes are detected in the 
infrared spectrum at 1571, 1621, 1641, and 1682 cm-1, but due to the inherent weak 
Raman scattering cross section of water these could not be detected in the Raman 
spectra. 
 
INTRODUCTION 
 The vivianite group minerals have the general formula 
A32+(XO4)2.8H2O, where A2+ may be Co, Fe, Mg, Ni or Zn and X may be P or As. 1  
Vivianite minerals are monoclinic with space group 2/m and two formula units per 
unit cell. 1,2 The vivianite group consist of the minerals: annabergite 
Ni3(AsO4)2.8H2O, arupite Ni3(PO4)2.8H2O, baričite (Mg,Fe)3(PO4)2.8H2O, erythrite 
Co3(AsO4)2.8H2O, hörnesite Mg3(AsO4)2.8H2O, köttigite Zn3(AsO4)2.8H2O, 
parasymplesite Fe3(AsO4)2.8H2O, and vivianite Fe3(PO4)2.8H2O. 1-3 Vivianite 
 minerals form solid solutions of mixed metals and mixed phosphate/ arsenates with 
most metal ions producing complete solid solution mixing curves. 4-17 Due to the 
complex solid solutions and sometimes rarity of these minerals, pure end member 
samples of hörnesite and annabergite have been synthesised for this study.  
 
Erythrite has been used for the preparation of pigments and glazes due to its 
brilliant pink colour. 18-25 It is also found in heavy metal dumps. 26,27 Because of the 
ease and non-destructive nature of infrared and especially Raman microscopy, 
identification via these spectroscopic techniques is very useful. The thermal 
transformations of vivianite minerals have recently been studied with Raman, infrared 
and infrared emission spectroscopy. 28-30 Raman spectroscopy has also been used to 
identify vivianite minerals in soil sediments of archaeological significance.31 Despite 
all the recent work on the vibrational spectroscopy of the vivianite minerals no single 
crystal Raman spectroscopic study has been undertaken. This study is part of a 
detailed spectroscopic study of the vivianite minerals and their solid solutions. 
 
Experimental 
 
Origin of samples 
 A single crystal of erythrite was obtained from a sample originating from 
Mount Cobalt, Queensland, Australia. Phase identification was performed with 
powder X-Ray diffraction (Figure 1) and chemical purity was checked using scanning 
electron microscopy and energy dispersive X-ray analysis (Figure 2a-b).  
 
Synthetic erythrite, annabergite, and hörnesite samples were prepared by the 
slow addition of the 3.5x10-3 M cobalt/nickel/magnesium sulphate solution to a dilute 
5.0x10-3 M sodium arsenate solution in a stoichiometric amount using a peristaltic 
pump at 80 °C.  The hydrated arsenate precipitated from the solution and was filtered 
and air dried at ambient temperature.  The crystals were hydrothermally treated at  
80 °C for 40 days.  Samples were analysed for phase purity by X-ray diffraction and 
for chemical composition by electron microprobe analysis.   
 
 
X-ray diffraction 
 The crystalline materials were characterised by X-ray powder diffraction 
(XRD). The XRD analyses were carried out on a Philips wide-angle PW 1050/25 
vertical goniometer (Bragg Brentano geometry) applying CuKα radiation (λ = 1.54 Ǻ, 
40 kV, 40 mA). The samples were measured in step scan mode with steps of 0.02° 2θ 
and a scan speed of 1.00° per minute from 2 to 75° 2θ.  
 
Scanning electron microscopy  
 Scanning electron microscope (SEM) photos were obtained on a FEI 
QUANTA 200 Environmental Scanning Electron Microscope operating at high 
vacuum and 15 kV. This system is equipped with an Energy Dispersive X-ray 
spectrometer with a thin Be window capable of analysing all elements of the periodic 
table down to carbon. For the analysis a counting time of 100 s was applied.  
 
Raman microscopy 
  The single crystal samples were placed on a polished metal surface on the 
stage of an Olympus BHSM microscope, which is equipped with 10x, and 50x 
objectives. The microscope is part of a Renishaw 1000 Raman microscope system, 
which also includes a monochromator, a Rayleigh filter system and a CCD detector. 
The Raman spectra were excited by a Spectra-Physics model 127 He-Ne laser 
producing highly polarised light at 633 nm and collected at a resolution of better than 
4 cm-1 and a precision of ± 1 cm-1 in the range between 120 and 4000 cm-1. Repeated 
acquisitions on the crystals using the highest magnification (50x) were accumulated to 
improve the signal to noise ratio in the spectra. The instrument was calibrated prior to 
use using the 520.5 cm-1 line of a silicon wafer.  
 
 Crystals were orientated manually by visual inspection under the microscope 
according to the crystal indexing shown in Figure 2c.Differences in intensity may 
occur due to minor differences in the degree of visual focus of the microscope and 
variations in the optical quality of the crystal face. The Raman spectra of the oriented 
single crystals are reported in accordance with the Porto notation: the propagation 
directions of the incident and scattered light and their polarisations are described in 
terms of the crystallographic axes a, b and c. The notation may, for example read 
CABC. Here the first C is the direction of the incident light, A is the direction of the 
polarisation of the electric vector of the incident light, B is the orientation of the 
analyser and the second C is the direction of the propagation of the scattered light. 
 
 Spectra at low temperatures were obtained using a Linkam thermal stage 
(Scientific Instruments Ltd, Waterfield, Surrey, England).  Samples were placed on a 
circular quartz disc, which fitted over the silver plate of the thermal stage.  For spectra 
at 77 K, nitrogen gas derived from liquid nitrogen passed through a small hole in the 
plate immediately below the centre of the glass disc. Spectra were obtained by the co-
addition of 10 60 s per point scans using a long working distance 50X (UWLD) 
objective. A lower Raman signal was obtained using this objective owing to the low 
numerical aperture of this long working distance objective. This, combined with the 
spherical aberration of the stage window, results in a decreased signal compared with 
that obtained without the thermal stage.   
 
Infrared spectroscopy 
 Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
equipped with a Smart Endurance single bounce diamond ATR cell. Spectra over the 
range 4000 to 550 cm-1 were obtained by the co-addition of 64 scans with a resolution 
of 2 cm-1 and a mirror velocity of 0.6329 cms-1. Far infrared spectra were collected 
using the same spectrometer equipped with a polyethylene beam splitter replacing the 
KBr beam splitter. Samples (1 mg) were ground and intimately mixed with CsI (200 
mg), followed by pressing it into a tablet at a pressure of 10 tonnes. Spectra were 
collected in transmission mode in a range from 120 to 600 cm-1. 
 
Spectral manipulation 
 Spectral manipulation such as baseline correction/adjustment was performed 
using the GRAMS software package (Galactic Industries Corporation, NH, USA). 
Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 
that enabled the type of fitting function to be selected and allows specific parameters 
to be fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian 
cross-product function with the minimum number of component bands used for the 
 fitting process. The Gaussian-Lorentzian ratio was maintained at values greater than 
0.7 and fitting was undertaken until reproducible results were obtained with squared 
correlations of R2 greater than 0.995. 
 
Description of the crystal structure 
 Single crystal X-ray diffraction studies have determined the crystal structure 
of erythrite. 2 The unit cell contains 2 formula units in the space group 32hC  with unit 
cell parameters of a = 10.251 Å, b = 13.447 Å, c = 4.764 Å, and β = 104.98°. 1 There 
are two sites occupied by two independent cobalt atoms (C2h, C2 site symmetry), with 
one independent arsenate ion (Cs site symmetry) and two independent water 
molecules (Ci site symmetry).32 Minerals of the vivianite group crystallize in the form 
of M(1)O2(H2O)4 octahedra and M(2)2O6(H2O)4 double octahedral groups (where M 
is the metal), which are linked via XO4 tetrahedra to complex sheets in (010), further 
interconnected by hydrogen bonds only. 32 
  
Birefringence 
 Erythrite is known to be birefringent with refractive indices of α = 1.625, 
β=1.661, and γ = 1.691. 1 The optical axes or pseudo-optical axes are orthogonal on 
all axes except on the 010 face where the optical axis makes a 30° angle with the c 
crystallographic axis. 33 The amount of depolarisation of incident radiation on a 
birefringent crystal can be calculated from the equation: 
 L = 100[cos2 Ф – sin 2(Γ- Ф).sin 2Γ.sin2 (∆/λ).180] 33 
where L is the amount of radiation for which the plane of polarization is rotated by 
90°, Γ is the angle which the optical axis makes with the incident radiation, Ф is the 
angle between the analyser and polariser, ∆ is the difference between the refractive 
indices multiplied by the thickness of the sample and λ in the wavelength of the 
incident radiation. 33 This equation predicts that along the 010 face of a crystal of 
erythrite incident polarised radiation is 28 % scrambled. This prevents the collection 
of reliable oriented single crystal data from the 010-crystal face. 
 
Factor group analysis 
 The results of factor group analysis are shown in Tables 1 and 2, which shows 
the following active vibrations: 
Γinternal arsenate modes  = 6Ag +  3Bg + 3Au +6Bu   
Γinternal water modes     = 6Ag + 6Bg + 6Au + 6Bu 
Γlattice modes                 = 16Ag  + 17Bg +16Au + 17Bu   
 
 The number of normal modes of vibration allowable in erythrite is 108 
comprising of 48 Raman active g modes and 54 modes infrared active u modes. The 
predicted form of the polarisability tensor is αxx ≠  αyy ≠  αzz ≠ αxy ≠ 0, for Ag modes 
and αyz ≠ αxz ≠ 0 for Bg modes. 
 
Results and discussion 
Orientated single crystal Spectra 
 An overview of the infrared and Raman spectra of erythrite is shown in Figure 
3a, with an overview of the Raman spectra of annabergite and hörnesite shown in 
Figure 3b. The Raman spectra of orientated single crystal are shown in Figures 4-7, 
with band assignment shown in Tables 1-2. Orientations of the crystal that involve the 
irradiation of the sample down the (010) crystal face will be ignored due to 
birefringence as previously discussed.  
  
 Arsenate internal modes are observed at 850, 803, 796, 788, 457, 446, 441, 
385, and 375 cm-1 in the Raman spectra. The intensities of these vibrations differ 
according to orientations, allowing the assignment of these bands in accordance with 
their symmetry species as summarised in Table 1. The band at 850 cm-1 is observed in 
the AA, BB, CC and AB spectra and therefore assigned to the totally symmetric Ag 
stretching vibration (ѵ1) of the arsenate ion. The Bu mode is observed in the infrared 
spectrum at 821 cm-1. Factor group analysis predicts the splitting of the antisymmetric 
stretching vibration (ѵ3) into 3 components, which are observed at 796 (Ag), 788 (Ag) 
and 803 (Bg) cm-1. The Bg vibration at 803 cm-1 is only observed in the spectra of 
ACBA and ABCA, while the Ag modes are present in all orientations but with 
minimal intensity in the ACBA, ABCA, CBAC, and CABC spectra. The observation 
of the Bg band at 803 cm-1 confirms the necessity of performing the complete factor 
group analysis because the spectra can not be adequately explained by site splitting 
considerations alone. Raman spectra at 77 K show the ѵ1 and ѵ3 vibrations at 852, 
805, 797 and 786 cm-1. Infrared active ѵ3 vibrations are seen at 779 (Bu), 790 (Bu) and 
880 (Au) cm-1.  
 
 Raman spectra show broad bands below the ν 3 vibrations at 650 to 730 and 
above the ν 1 vibration in the 870 to 1170 cm-1 range. These bands cannot be readily 
assigned to fundamental vibrations of the arsenate. On cooling to 77 K, bands in the 
650 to 730 cm-1 range increase in intensity and become better defined with maxima at 
716 and 659 cm-1. As these vibrations are present in the 77 K spectra the presence of 
the bands to lower wavenumber of the ν3 vibrations cannot be associated with hot 
bands. Synthetic samples also contain these low intensity bands to higher and lower 
wavenumbers to the fundamental ν1 and ν3 vibrations, thus the presence of these 
bands cannot be attributed to impurities in the natural sample. Raman bands to the 
lower side of the ν3 vibrations also do not reflect the nature of the hydrogen isotope 
with deuterated samples showing these bands also. 34 As such these bands cannot be 
associated with water librational modes. It is however noted in deuterated samples 
that a band at 807 cm-1 appears in the Raman spectra accompanied by the 
disappearance of the bands in the cm-1 range. This suggests that the Raman bands in 
the 870 to 1170 cm-1 region stem from water librational modes. It is also noted that the 
infrared spectra of deuterated samples show a shift of the 700 cm-1 band to 647 cm-1. 
This movement is however not reflected in the Raman spectra, suggesting that modes 
in the 650 to 730 cm-1 in the Raman spectra are not related to the infrared bands in the 
same region. Isotopic bands due to 18O may also be a possibility but calculations show 
these bands would be expected in the 810 to 750 cm-1 range. The complexity of the 
combination and overtone bands is reflected in the infrared spectra.  Combination 
bands are expected from 1200 to 600 cm-1 derived from the intense 264 cm-1 lattice 
and internal arsenate bands. Also combinations from the ν1and ν2 vibrations with 
lattice modes are expected in the 900 to 1200 cm-1 range. It is suggested than the 
Raman bands in the 870 to 1170 cm-1 range correspond to water librational modes and 
the bands in the 650 to 730 cm-1 range to combination bands. 
 
 Synthetic annabergite show AsO4 stretching vibrations at 850, 807, and 793 
cm-1, while synthetic hörnesite show vibrations at 876 and 808 cm-1. All possible 
vibrations may not be visible in the powder spectra of the synthetic samples. Because 
 of the small crystal size no single crystal Raman studies have being undertaken. The 
symmetric and anti-symmetric stretching vibrations of the arsenate shift to lower 
wavenumbers with decreasing ionic radii and increasing mass. Ionic radii of the 
metals decrease from Mg (0.72 Å), via Ni (0.69 Å) to Co (0.65 Å), while the masses 
increase from Mg (24.31 g/mol), via Ni(58.69 g/mol) to Co(58.93 g/mol). It is 
noteworthy that the symmetric vibration band position varies considerably between 
hörnesite (Mg) and annabergite (Ni) while it varies little between annabergite (Ni) and 
erythrite (Co). This trend is also reflected in the average As-O bond distances with 
annabergite and erythrite showing distances of 1.691 and 1.694 Å respectively while 
hörnesite shows a distance of  1.713 Å. 32,35 The same trend is not reflected in the 
antisymmetric vibrations where there is a linear trend of band wavenumber from Mg 
to Co. This seems to indicate that the symmetric vibration is more affected by the 
mass of the metal ion while the antisymmetric vibrations are more influenced by the 
changes in the cationic radius. 
 
 The AsO4 ν2 symmetric deformation mode (Figure 5) is predicted to split into 
two bands, which are observed at 375 cm-1 (Ag) in only ABBA, ACCA and CBBC 
crystal orientations and 385 cm-1 (Bg) in all spectra. The corresponding ν2 infrared 
vibrations are detected at 419 (Bu) and 369 (Au) cm-1. The ν4 mode is predicted to split 
into three bands and are observed at 441 cm-1 (Ag) in significant intensity in ABBA, 
ACCA and CBBC orientations, 446 (Bg) and 457 (Ag) cm-1. Infrared spectra show ν4 
bands at 454 (Bu), 422 (Bu), and 490 (Au) cm-1. Raman spectra collected at 77 K show 
the ν2 vibrations at 392 and 377 cm-1, while the ν4 modes are detected at 460, 449, and 
440 cm-1. Rather broad bands are present in the infrared spectra at 513, 529 and 571 
cm-1. Given the broadness of these bands it is most likely that these bands stem from 
combination bands. The Raman spectrum of annabergite show ν2 bands at 407 and 
386 cm-1 while hörnesite shows these bands at 430 and 440 cm-1. The Raman ν4 
modes occur at 442 and 465 cm-1 for annabergite while these bands occur at 446, and 
467 cm-1 for hörnesite. These bands shift to higher wavenumber with decreasing ionic 
radii of the metal cations.  This effect is most likely due to the shorter bonding 
distance of the cation to the arsenate. 
 
  Water stretching and bending vibrations 
 Strong correlations exist between hydroxyl stretching frequencies and 
hydrogen bonding distances, with the work of Libowitzky showing that a regression 
can be employed to deduce the hydroxyl stretching frequency from the hydrogen 
bonding distance. 36-39 The function ν = 3592-304x109exp(-d(O-O)/0.1321)  
cm-1 can be employed in this case as two types of water molecules can be identified in 
the structure of erythrite. This allows the assignment of the vibrations of each water 
molecule.34  Water I is hydrogen bonded with O-H distances of 2.904 and 2.833 Å, 
which allows the prediction of vibrations at 3505 and 3444 cm-1. Water II is hydrogen 
bound at shorter O-H distances of 2.722 and 2.742 Å with predicted vibrations at 
3250 and 3298 cm-1. Hydroxyl stretching modes are seen at 3050, 3218, 3333, 3449, 
and 3479 cm-1, in the infrared.  It can be inferred from the regression function that the 
bands at 3050, and 3218 cm-1 are due to water II, while the bands at 3449, and 3479 
cm-1 are due to water I. The orientated Raman spectra of erythrite in the water 
stretching region is shown in Figure 6. Bands are detected at 3009 (Bg), 3052 (Ag), 
3190 (Bg) 3203 (Bg), 3436 (Bg) and 3443 (Ag) cm-1. Low intensity bands that are hard 
to pin point are detected at 3281 (Ag) and 3310 (Bg) cm-1. The number of bands 
detected in the Raman spectra is more than the number of vibrations observed in the 
 infrared spectra due to the polarised nature of the Raman spectra.  As such the bands 
detected in the infrared are due to the complexity of overlapping bands. Again as for 
the infrared spectra the lower wavenumber bands may be interpreted as due to water 
II and higher wavenumber bands due to water I. Water bending modes are detected in 
the infrared spectra of erythrite at 1571, 1621, 1641, and 1682 cm-1. Raman 
spectroscopy however is not suitable for the detection of water bending modes as 
water is a weak Raman scatterer. The symmetry species of the water bending modes 
in erythrite can therefore not be determined. Annabergite shows water stretching 
vibrations in the Raman spectrum at 3002, 3162, 3238, and 3435 cm-1, while hörnesite 
shows these vibrations at 2929, 3031, 3145, 3279, and 3480 cm-1. It is observed that 
with decreasing ionic radius of the metal the hydrogen bonding of type II water 
increases. Type I water however behaves differently with annabergite showing more 
hydrogen bonding than erythrite, but hörnesite has less hydrogen bonding than the 
other two minerals.  
 
Lattice vibrations 
 The Raman active lattice bands are shown in Figure 7 with band centres and 
assignments reported in Table 2. Not all bands are detected due to the complexity of 
overlaying bands and the limitations of the instrument. Bands are however detected at 
112(Ag), 124 (Bg), 145 (Ag), 157 (Bg), 165 (Ag), 179 (Ag), 189 (Ag), 191 (Bg), 
201(Bg), 210 (Ag), 227 (Ag), 250 (Ag), 264 (Ag), 302 (Bg), 321 (Bg), and 338 (Ag) cm-1 
in the Raman spectra. Infrared lattice bands are detected at 163, 169, 182, 199, 217, 
226, 256, 264, 297, and 318 cm-1. Annabergite shows lattice bands at 351, 321, 295, 
285, 275, 267, 261, 237, 229, 214, 202, 190, 173, 156, 137, and 120 cm-1. Hörnesite 
Raman bands are detected at 366, 360, 308, 303, 273, 262, 242, 223, 209, 204, 181, 
159, and 147cm-1. It can be seen that all lattice vibrations move to higher 
wavenumbers with decreasing ionic radius, indicating stronger bonding of the metal 
to the arsenate and water molecules in the crystal structures.   
 
Conclusions 
Factor group analysis, single crystal considerations and water hydrogen bonding 
distances have been used to interpret the Raman and infrared spectra of erythrite. The 
spectra of erythrite has been compared with other vivianite arsenate minerals namely 
annabergite, and hörnesite, and the differences have been explained by the changes in 
the mineral structures in terms of changes in bond distances, ionic radii and cationic 
mass. To explain fully the vivianite spectra, factor group analysis is a necessity to 
enable the explanation of the splitting observed in the Raman and infrared spectra. 
Hydrogen bonding distance considerations have allowed the designation of bands to 
the two independent water molecules in the structure. Water type II has short 
hydrogen bonding distances and is detected in vibrational spectra at low 
wavenumbers while the high wavenumber bands due to water I with long hydrogen 
bonding distances.  
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 Table 1 Factor group analysis of AsO4 vibrations 
Td C2h Erythrite 
(298K)/cm-1 
Erythrite 
(77K)/cm-
1 
Annabergite 
cm-1 
Hörnesite 
cm-1 
A1 Ag 
Bu 
850 
821 
852 850 876 
T2 2Ag 
2Bu 
Bg 
Au 
796, 788 
779,790 
803 
880 
786, 797 
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E Ag 
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Au 
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2Bu 
Bg 
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 Table 2 Lattice band Assignments 
 
Crystal Orientation 
Suggested 
assignment 
 ABBA ACBA ABCA ACCA CAAC CBAC CABC CBBC  
112        Ag 
 124 123  128    Bg 
147 147 146 144 144   147 Ag 
157 157 156   157 157  Bg 
168 162 162 161 164 162 165 166 Ag 
178 178 183 183 179 179 180  Ag 
186 188 188  187 189 190 187 Ag 
 189 190  198   199 Bg 
202 201    202 202  Bg 
211 209 209 206 210 210  211 Ag 
226 226 226 226 226 227 228 227 Ag 
250 249 249 246 248 251 255 252 Ag 
264 266 262 264 265 263  264 Ag 
 287 301   279   Bg 
 302 302  302    Bg 
 321 321   322 320  Bg 
B
an
d 
C
en
te
r 
/c
m
-1
 
  338  338   338 Ag 
 
 
 
 
 
 Figure captions 
 
Figure 1 X-ray diffraction pattern of natural erythrite  
 
Figure 2a SEM image of natural erythrite  
 
Figure 2b SEM microprobe analysis of surface impurities 
 
Figure 2c Face indexing of erythrite crystals 
 
Figure 3a Infrared and Raman spectra of erythrite 
 
Figure3b Raman spectra of erythrite, annabergite and hörnesite 
 
Figure 4 Orientated single crystal Raman spectra of the AsO4 stretching region 
 
Figure 5 Orientated single crystal Raman spectra of the AsO4 bending region 
 
Figure 6 Orientated single crystal Raman spectra of the water stretching region of    
erythrite 
 
Figure 7 Orientated single crystal Raman spectra of the lattice band region 
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Figure 1 X-ray diffraction pattern of natural erythrite  
  
Figure 2a SEM image of natural erythrite  
  
Figure 2b SEM microprobe analysis of surface impurities 
  
 
Figure 2c Face indexing of erythrite crystals
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Figure 3a Infrared and Raman spectra of erythrite 
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Figure3b Raman spectra of erythrite annabergite and hörnesite 
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Figure 4 Orientated single crystal Raman spectra of the AsO4 stretching region 
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Figure 5 Orientated single crystal Raman spectra of the AsO4 bending region 
 28003000320034003600
Wavenumber /cm-1
R
am
an
 In
te
ns
ity
ACBA
ABCA
ACCA
CAAC
ABBA
CABC
CBAC
CBBC
Ag
Bg
Ag
Ag
Ag
Bg
Bg
Bg
 
Figure 6 Orientated single crystal Raman spectra of the water stretching region of 
erythrite
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Figure 7 Orientated single crystal Raman spectra of the lattice band region 
 
